The effects of the BuOH fraction from mustard leaf in rats subjected to renal ischemia-reperfusion were examined. The elevated serum superoxide anion (O2-) level and renal xanthine oxidase (XOD) activity in rats subjected to 6-h reperfusion following 1-h is chemia significantly and dose-dependently declined after oral administration of the BuOH fraction at doses of 50 and 200 mg/kg body weight/d for 10 d prior to ischemia-reperfusion. These findings indicate that this fraction might scavenge O2 or inhibit the generation of O 2 through XOD activated by the ischemia-reperfusion process. In addition, the thiobarbi turic acid-reactive substance level of the renal mitochondrial fraction of rats given the BuOH fraction orally was significantly lower than that of control rats given physiological saline (vehicle), implying that this fraction exerted protective action against lipid peroxidation caused by ischemia-reperfusion. Furthermore, oral administration of the BuOH fraction re duced the serum urea nitrogen and creatinine levels, indicators of renal function. These re sults suggest that the BuOH fraction has protective effects against ischemia-reperfusion in jury, acting as an antioxidant by scavenging O2-, inhibiting O2-generation through XOD, protecting against lipid peroxidation and ameliorating renal functional impairment.
Numerous pieces of evidence support the hypothesis that the destruction of antioxidant defense and free rad ical-mediated oxidative damage are important in vari ous diseases (1) . Renal ischemia-reperfusion injury re sults in the production of oxygen free radicals and de struction of the defense system, which causes renal functional impairment (2) (3) (4) . In particular, during postischemic reperfusion, large quantities of the super oxide anion (O2-), and the more reactive and toxic hy droxyl radical (• OH) are generated, and DNA, proteins and lipids in biological systems are altered (5) (6) (7) . This is a main cause for injury to the tissue. Therefore, it is considered important to search for oxygen radical scav engers that may have crucial roles in mounting effec tive defenses against free radical-related diseases, in cluding ischemia-reperfusion injury.
Recently, widespread interest in the possibility that selected foods, so-called functional foods, might pro mote health, prevent disease and improve pathological conditions is increasing. In particular, epidemiologic and laboratory findings have provided convincing evi dence that the increased consumption of vegetables can significantly lower the risk of disease (8, 9) . Furthermore, several of these micronutrients have an tioxidant properties and may have a role in protecting * To whom correspondence should be addressed . 
RESULTS
Serum O2-level Table 1 shows the effect of the BuOH fraction from mustard leaf on the serum O2-levels of rats subjected to ischemia-reperfusion.
The serum O2-level of the con trol group was markedly increased compared with that of normal rats. However, the levels of those rats given the BuOH fraction orally at doses of 50 and 200 mg/kg body weight/d for 10 d decreased significantly and dose-dependently. In particular, the level of the rats given the 200mg dose declined to almost the normal value. Renal XOD activity Renal XOD activity was elevated in the rats subjected to ischemia-reperfusion as compared to rats in the nor mal group, and then declined after oral administration of the BuOH fraction from mustard leaf ( Table 2) . XOD activity decreased as the oral dose of the BuOH fraction increased. The XOD activity of the control rats subjected to ischemia-reperfusion was 17.08 pmol/mg protein/ min, whereas the values of the rats given the BuOH fraction at doses of 50 and 200mg/kg body weight/d for 10 d decreased to 15.74 and 14.87 pmol/mg pro tein/min, respectively. TBA-reactive substances in renal mitochondria
As shown in Table 3 , ischemia-reperfusion led to the formation of a large amount of TBA-reactive substances in the renal mitochondria. However, administration of the BuOH fraction for 10 d prior to ischemia-reperfu sion reduced the TBA-reactive substance level of the Table 4 shows the effects of the BuOH fraction from mustard leaf on parameters of renal function altered by the renal ischemia-reperfusion procedure. The serum urea nitrogen and Cr levels of the control rats increased significantly in comparison with those of normal rats. In contrast, the serum urea nitrogen level of rats given the 200mg/kg body weight/d dose of the BuOH frac tion decreased from 49.86 to 42.79mg/dL (about 86% of the control value). In addition, the Cr level of rats given the BuOH fraction was significantly and dose-de pendently reduced by the administration of both 50 and 200mg doses as compared to the control group value.
DISCUSSION
Ischemic renal injury is one of the major causes of acute renal failure and development of chronic and pro gressive renal disorders through a combination of renal vasoconstriction, renal tubular obstruction, tubular back leakage of glomerular filtrate and decreased glomerular permeability (20) (21) (22) . Under conditions of ischemia-reperfusion, the release of oxygen radicals, such as O2-and •0H, makes a major contribution to tis sue damage (20, 23) . Therefore, the development of free radical scavengers and antioxidants for the prevention and/or amelioration of free radical-induced damage, in cluding renal damage resulting from ischemia-reperfu sion, are emerging as a new research area. It has been well established in several experimental models that oxygen radical scavengers and antioxidants protect tis sues subjected to ischemia-reperfusion against damage (20, (24) (25) (26) (27) (28) (29) . Our previous study, which demonstrated the antioxidative activity of mustard leaf in vitro and in a diabetic model in vivo, indicated that mustard leaf is a potential therapeutic agent for renal ischemia-reperfu sion injury associated with oxygen free radicals (13) . Based on these findings, we employed a renal ischemia reperfusion model to focus on the protective activity against renal injury, which is the most common compli cation of diabetes. A 1-h ischemia is a typical model of ischemic acute renal failure in rats (22) . On the other hand, reperfusion time depends on the experimental model. Generally, the pathological changes induced by oxygen free radicals generated during the reperfusion period are severer as the longer time of the reperfusion process (4) . In the present study, an 1-h ischemia fol lowed by 6-h reperfusion resulted in an expected eleva tion in serum O2-level, XOD renal level and TBA-reac tive substance.
O 2-is the major cause of damage resulting from is chemia and reperfusion. The results of our present study also demonstrated that the serum level of O2-was markedly elevated by the ischemia-reperfusion process (Table 1) . Under normal conditions, tissues contain enough endogenous scavengers, such as superoxide dis mutase, catalase, glutathione peroxidase, ascorbate and a-tocopherol, to protect them against oxygen free radi cal-induced damage (30) . However, during ischemia, supplies of these endogenous scavengers may be de pleted, permitting cellular injury by oxygen free radi cals. Therefore, with respect to improving the patholog ical condition resulting from the ischemia-reperfusion process and detoxifying oxygen radicals, O2-scavengers are believed to play a major role by inhibiting the pro gression of the pathological conditions and improving them in terms of their association with renal failure. In our previous study, we used an in vitro system to deter mine the O2-scavenging activities of several fractions extracted from mustard leaf and found that the BuOH fraction showed the strongest activity (data not shown). Our present study showed that the elevated level of serum O2-in vivo in the renal ischemia-reperfusion model was reduced by oral administration of the BuOH fraction from mustard leaf prior to ischemia-reperfusion (Table 1 ). This result suggests that this fraction protects against damage caused by renal ischemia-reperfusion through the scavenging of O2-.
XOD is a major source of O2-in renal proximal tubules, and the O2-produced disturbs renal function after the renal ischemia-reperfusion procedure (31) . The effect of accumulation of hypoxanthine during renal ischemia might be the generation of highly reac tive oxygen free radicals since the enzymatic conversion of hypoxanthine to xanthine by XOD generates O2-as a reduction product of molecular oxygen (32) . XOD was the first documented biological source of O2- (33), and has been the subject of intensive study. It is widely dis tributed in tissues, and the intestine, lung and liver are particularly rich sources in most species (34) , but its ac tivity has been demonstrated to be low in the kidney (35) . We also observed that XOD activity in the liver was much higher than that in the kidney, and the for mer was more markedly elevated than the latter by the ischemia-reperfusion process (liver data not shown). However, the BuOH fraction from mustard leaf inhibited XOD activity in both the kidney and liver, indicating that it inhibited 02 generation by XOD. We have only presented the renal XOD activity result (Table 2) be cause we employed a renal ischemia-reperfusion model. In light of our results, we suggest that the BuOH frac tion from mustard leaf might reduce the toxicity of 02 under conditions of ischemia-reperfusion through scav enging O2-and/or inhibiting O2-production by XOD.
It is well accepted that renal ischemia-reperfusion in creases lipid peroxidation, which provides evidence for the presence of oxygen free radicals (20, 24) . Ogawa and Mimura (36) demonstrated that ischemia for 30 min followed by reperfusion for 60 min resulted in an expected elevation in the renal TBA-reactive substance level. In addition, Eschwege et al. (4) reported that is chemia-reperfusion resulted in increased malondialde hyde production by homogenates of whole kidney and renal cortex, as well as by renal cortical mitochondria. Our results also revealed that the renal mitochondrial TBA-reactive, substance level of rats subjected to is chemia-reperfusion increased as compared to normal rats (Table 3 ). In addition, O2-and its reduction prod ucts, hydrogen peroxide and OH, can produce cellular injury through lipid peroxidation of mitochondrial, lysosomal and plasma membranes, which can alter both membrane structure and function (37, 38) . Furthermore, lipid peroxidation of mitochondrial phos pholipids could result in the changes observed in mito chondrial lipids after ischemia (39) . Mitochondrial damage during ischemia also serves to enhance the for mation of free radicals since a reduction in the func tional efficiency of electron transport increases free rad ical production in the mitochondrial chain and pro motes the shift of more oxygen into the cytoplasm for univalent reduction (40, 41) . Therefore, we evaluated the renal mitochondrial TBA-reactive substance level of rats given the BuOH fraction in order to demonstrate the effects of this fraction from mustard leaf on mito chondrial damage and free radical generation by lipid peroxidation. Administration of the BuOH fraction for 10 d before ischemia-reperfusion significantly reduced the renal mitochondrial TBA-reactive substance level, which is a marker of lipid peroxidation (Table 3 ). The elevated renal mitochondrial TBA-reactive substance level after the ischemia-reperfusion process indicated that mitochondrial change and free radical generation had occurred. The reduction in the TBA-reactive sub stance level implies that the BuOH fraction from mus tard leaf might protect renal mitochondria against ox idative damage and reduce renal free radical genera tion.
In order to evaluate the effect of the BuOH fraction from mustard leaf on renal function under conditions of ischemia-reperfusion, we measured serum urea nitro gen and Cr levels, currently the most widely used mark ers for uremic toxin levels. Uremic toxins, including urea nitrogen and guanidino compounds such as Cr and methylguanidine, and free radicals affect renal function directly or indirectly, leading to renal failure (42) . Cr is retained as renal failure progresses and has been held responsible for several toxic effects. In addi tion, Cr is a precursor of methylguanidine. Cr is also considered to be a marker of uremic toxins (43) (44) (45) (46) . The rats subjected to ischemia-reperfusion showed large increases in the levels of both urea nitrogen and Cr, indicating pathological damage that affected renal function had been caused by ischemia-reperfusion. However, this elevation was notably reduced in the groups treated with the BuOH fraction ( Table 4 ). This result implies that mustard leaf could reduce the pro duction of uremic toxins, thereby ameliorating renal dysfunction. 
